
a 
Key ro Species 
!Figure (Strai II I 

ExposureJ 
Du ration{ 

Frequency 
(Routel 

ACUTE EX POSURE, 
De,ath 

1 Ra 

2 Mouse 

Rabbit 

Sy stemic 

4 Ra 

t..ie u rolo{llical 

5 Human 

6 Rab'bit 

Reproductive 

7 

8 

Mouse 

(B6C3F1} 

Mouse 

CD-1 

1 d 
4 hid 

1 d 
211/d 

11 d 
23 m infd 

110 d 
6 hr/d 
Gd 6-15 

1 d 
6-S hr/d 

11 d 
23 m in/d 

Sd 
6 hid 

6 hr/day 
5 days 

Table 3-1 llev ells of Sig11iIfr.c:rnt Exposure to 'I J-burtadie11e - lnhallation 

System 

Bd Wt 

NOAEL 

(ppm), 

8(100 

ILOAEL 

Less Serious 

(ppm j, 

200 IF (decreased maternal 
body we;ig'hI gain) 

111:100 M (73% incirease in number 
of abnormal spem1 
heads) 

200 M (increa sed intra:ul:eiline 
death ), 

Serious 

(ppmJ 

129000 (LCSCI) 

122000 (LCSCI) 

250000 

8000 IF (45% decreased 
mate;mal body weight 
gain) 

250000 (anesthesia) 

Reference 

Ch,ern ical Fo rm 

Shugaev 1969 

Shugaev 1969 

Carpenter e a l. 194-4 

Irvine 198 1 

Carpenter et a l. 194-4 

Ca rpenter et a l. 194-4 

DOEJNTP 1988a 

DOEJNTP 1988b 

Comments 
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Table 3-1 Level s of Srgn irfi:c:.rnt Exposu re to 13-butadiene - Inhalation (oonunuedl 

3 
Key to Species 
Figur e (St rai 11 I 

Deve opment al 

9 Rat 

10 

(Sprague. 
Dawtey) 

Rat 

Mouse 

(CD-1) 

Exposure/ 
Duration, 

Frequency 
(IRoutel 

110 d 
6 hrld 
Gd 6-15 

Wd 
6 hrld 
Gd 6-15 

W d 
6 hrld 
GD 6-15 

IINITERMEDIATE EXPOSURE 
Deatll 

12 Mouse 

Mouse 

~6C3F1} 

14wll 
5 dlwk 
6 hrld 

13-52 11,1k 
6 hrld 
5 dlwk 

System 

li4OAEL 

(ppm), 

1000 

200 

ILOAEL 

Less Serious 

(ppm) 

8000 (decreased fetal growth) 

11DOO (major skeletal 
m alformatiorns) 

40 M (decreased fetal BW in 
males) 

Serious 

(pprn l 

5000 (increa sed mortal ity) 

!Refe rence 

Ch,ernfcal Fo rm 

DOEINTP 1987a 

Irvine 1981 

DOEINTP 1987b 

TP 1984 

200 (increased mortal ity from TP 1993 
40 weeks of exposure) 

Comments 



a 
Key to Spedes 
F gure (St rai III I 

System re 
4 Rat 

15 Mous.e 

Exposure/ 
Du ration, 
f reque111cy 

(Ro 11tel 

13 welt: 
S dm k 
6 hrfd 

3-24 wk 
6 dfwk 
6 hrfd 

Table 3-1 Levells of Sig111 ifi.cant Exposure to 1 J-butadie111e - lnhal!ation 

System 

Res:p 

Cardio 

Hemalo 

MuscJs!keil 

Hepa.tic 

Rena1I 

Dermal 

Ocular 

Hemalo 

rNI OAEL 

(ppm} 

8000 

8000 

8000 

8000 

8000 

8000 

8000 

8000 

Less Serious 

(ppm} 

LOAEL 

Serious 

(ppml 

11250 (mac,rocylic 
mega o'blas,tic ane mna 
starting a'I 6, weeks) 

(co111tinued l 

Reference 

Ch,em[cal f o rm 

C ro uoh et al. 19'79 

lro 11s et a l. 1986a , b 

Comments 

~ 

I 

~ 
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:I 
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T)1 
rn 
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Ex posure/ 
Du ration, 

3 f requency Key to Sped es 
figure (St rain I (Routel 

16 Mouse 114 wk 
5 dlwk 
6 hrfd 

17 Mouse 113-52 wk 

(B6C3F1) 6 hr(d 
5 dlwk 

Table3-1 Levells of Sig111ifi:c:rnt Exposu re to 1 3-butadiene - lnha ation 

lOAEL 

NOAEL Less Serious Serious 

System (ppm} (ppm} (pprnl 

Res:p 8Cl00 

Cardio 8Cl00 

Gas~ro 8Cl00 

MuscJsikeil 8Cl00 

Hepatic 8Cl00 

Renal 8Cl00 

Derma'I 8Cl00 

BdWt 11250 2500 M (13% decreased body 
weight) 

Res'J) 200 M (alveolar ~pi heflal 
hyperplasiia after 4Cl 
weeks} 

Cardio 200 M (endollhelia hyperplasiia 
after 40 11,1eeks) 

Ocular 200 M 625 M (Harderia:n g'land 
hyperplasiia after 26 
weeks), 

(00111;-nuedl 

Reference 

Chernfcall f o rm 

NTP 1984 

NTP 1993 

Comments 

~ 
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m 
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a 
Key ro Species 
!Figure (St rai11 I 

18 Mouse 

~6C.3F1) 

Exposure/ 
Du ration/ 

Freque11cy 
(IRoutel 

4Clwk 
6 hr/d 
5 dlwk 

lrnrnunol Lymphoret 

19 Mouse 4D wk 

~6C:3F1) 

20 Mouse 

He urological 

211 Rat 

6 hr/d 
5 dlwk 

6-24 wk 
5 cl /wk 
6 hr/d 

3W:k 
5 cl/wk 
6 hrld 

Table 3-1 Levels of Signiificca11t Exposure to 1 J-butadie11e - lnhal!ation 

System 

Res:p 

NOAEL 

(ppm), 

200M 

Carclio 625 

Gas ro 

Hemalo 

uscis!kel 

Hepatic 

Bcl W 

200 

625 

625 F 

625 

8D00 

ILOAEL 

Less Serious 

(ppm) 

625 M (alveolar epi helial 
hyperlasia) 

625 (fo:restoma.ch epllhelial 
hyperpl:mia.), 

62.5 M (decreased e.ryttrrocyte 
counts, hemoglob·n 
conce.ntra~ion, and red 
cell \ 'olum e) 

625 F (1 91% reduction in relative 
hymus we.ig'ht) 

1250 (lymphoid organ 
histopmhology), 

Serious 

(pprn l 

200 F (maarocyuc 
mega'lob lastic anemia) 

(c,0 11tinuecll 

Reference 

Ch,ern ical Fo rm 

NTP 1993 

NTP 1993 

Thurmo nd et al. 1986, 

Crouch et a l. 1979 

Comments 

~ 

I 
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m 
() 

G/) 



3 
Key to Species 
Figure (Strain) 

22 Mouse 

Rep roductive 

23 Mouse 

(CD) 

24 Mouse 

(CD) 

25 Mouse 

(86C3F1) 

Cancer 

26 Mouse 

(B6C3F1) 

Exposure/ 
Duration/ 

Frequency 
(Route) 

4Wk 
5 dlwk 
6 hrld 

111 W:k 
6 hid 
5 dlwk 

4 wk 
6 hid 
5 dlwk 

411W:k 
6 hr/d 
5 dlwk 

13-52 wk 
6 hrld 
5 dlwk 

Table 3-1 Levell s of Sign irflcant !Exposu re to 1,3-butadiene - Inhalation (oontinued l 

System 

NOAEL 

(ppm) 

80110 

12.SM 

62.SF 

Less Serious 

(ppm) 

65 M (in creases in ea~ly fetal 
dea hs), 

LOAEL 

Serious 

(ppm) 

Reference 

Chem ica l Form 

NTP 1984 

12.5 (increase in late e al Anderson et al. 19'96 
deaths , exencepha'lies, 
and sku I abnormalities) 

Anderson et al. 1998 

2110 F (ovarian atrophy), TP 1993 

200 (CEU ymphocytic NTP 1993 
lymphoma, hi&tiocylic 
sarcoma, cardiac 
hemang· osarnom a, 
alveo'lar/bronchiolar 
adenoma/carcinoma, 
fore&tomach squamous 
cell papillomalcarcinoma, 
hepatoce u'lar adenoma, 
Harderian g1and 
adenoma/adenocarcinom; 
prepu ial gland 
carcinoma) 

Comments 

,:;> 

OJ· 

~ g 
rn 
z 
m 



Table 3-1 Level s of Signiifcca111t Exposure to 'I 3-butadie111e - lnhal!ation 

8 
Key to Species 
!Figur e (Strai II I 

Exp osuref 
Du ration/ 

Freque 111cy 
(Ro utel 

CHRONIC EXPOSURE 
DeaUi1 

21 

28 

29 

Rat 

Mouse 

Mouse 

(B6G3F1) 

System ic 

30 Rat 

105-1111 wk 
5 dtwk 
6 hrld 

61 wk 
5 dtwk 
6 hrld 

2 yr 
6 hrld 
5 dtwk 

105-1111 wk 
5 dtwk 
6 hrld 

System 

Res:p 

Cardio 

Gastro 

Hemato 

Hepatic 

Renal 

Dermal 

Ocular 

f1JIOAEL 

(ppm), 

mm 

mm 

8000 

8000 

8000 

8000 

000 

8000 

8000 

lOAEL 

Less Serious 

(ppm), 

8000 (increased organ weiight, 
mem;plasiia) 

Serious 

jppmj 

8000 (increased morta'lity), 

625 (increased morta'lity), 

20 (increased morta'lity), 

8000 (nephrosis) 

(co111finue.d l 

Refe,rence 

Ch.em icall Fo rm 

Owen et at 1987, Owen and 
Glt1is. ter 11990 

NTP 1984 

NTP 1993 

Owen et al. 1987, Owen and 
Glt1is.te r 11990 

Comments 



Animal LOAEL and POD 

for EPA RfC = 6.25 ppm in 

mice over 2 years.  Mice 

appear more sensitive than 

humans. 

a 
Key to Species 
Fgure (Strai111 I 

31 Mouse 

32 Mouse 

(B6C3F1) 

Exposure/ 
Duration/ 

Frequency 
(R,outel 

61 w,k 
5 diWk 
6 hrld 

2yr 
6 hr/d 
5 d/Wk 

Table· 3-1 Levels of Sign ificant Expos ure to 1 3-butadiene· - lnha llation 

System 

Resp 

Carciio 

Gasbo 

Musclskel 

Hepatic 

Renal 

Dermal 

Resp 

Carciio 

Gasbo 

Muscl&\l:el 

Hepatic 

Bel Wt 

NOAEL 

(ppm), 

625 

1250 

1250 

1250 

200 

625 

625 

l OAEL 

Less Serious 

(ppm), 

625 (en othelial hyperplasia), 

625 (epi helia'I hyperplasiia) 

625 (hepatic necroois) 

6.25 M (alveolar epithelial 
hyperplasia) 

625 ( endothelial hyperplasia.), 

625 F (fores omach epittlelial 
hyperplasia), 

200 F (fore-stomach ep illlelial 
hyperplasiia), 

62.5 (liver necirosis), 

Serious 

(ppm j 

1250 (atrop hy of nasal 
dJrn.ctory epithelium) 

(continue el l 

Reference 

Ch,em [call f,o rm 

NW 1984 

NW 1993 

Comments 

~ 

I 

~ 
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a 
Key ro Species 
!Figure (St rai11J 

33 Mouse 

(B6C.3F1) 

t.Je u rologic.al 

34 Rat 

35 Mouse 

Reproductive 

36 Rat 

37 Mouse 

3B Mouse 

(B6C.3F1) 

39 Mouse 

(B6C.3F1) 

Table J -1 Lev ells of Signmcan,t Exposu re to 1 3-butadiene - lnha l!ation 

ExposureJ 
Duration/ 

Frequency 
(IRo uteJ 

65wk 
6 hrfd 
5 dlwk 

05-1 
5 dlwk 
6 hrfd 

61 wk 
5 dlwk 
6 llrfd 

105-1 
5 dlwk 
6 hrfd 

61 W:k 
5 dlwk 
6 hrfd 

2yr 
6 hrld 
5 dlwk 

65 W:k 
6 hrld 
5 dlwk 

1 wk 

1 wk 

System 

Hemafo 

Bd Wt 

~W AH 

(ppm) 

200 

625 

801]0 

250 

801lD 

20 F 

Less Serious 

(ppm} 

ILOAEL 

Serious 

(ppmJ 

625 (macro cylic 
mega'loblastic aneni"a) 

625 (gonadal awophy), 

6..25 F (ovarian atrophy) 

62.5 F (ovarian atrophy), 

(0011unuedJ 

Reference 

Ch.ern fcal Fo rm 

NTP 1993 

Owen et al. 19B7, Owen and 
Glaister 1199D 

NTP 1984 

Owen et al. 19B7, Owen and 
Glaister 1199D 

NTP 1984 

NTP 1993 

NTP 1993 

Comments 

~ 

I 

~ 
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m 
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Table 3-1 Levels of Sig111i1fi.ca11t Exposu re to 11 J-butadie11e· - Inhalation 

a 
Key to Species, 
!Figure (Strai11 I 

Ca11oer 

40 

4 

42 

Mouse 

Mouse 

(B6C3f1) 

Exposure! 
Du ration, 

Frequency 
(R,outel 

105-1 111 wk 
5 dtwk 
6 hrld 

61 w 
5 dtwk 
6 hrld 

2 yr 
6 hrfd 
5 dtwk 

System 

a The number corresponds Io en ries in f igure 3-11. 

NOAEL 

(ppm), 

Less Serious 

(ppm), 

LOAEL 

Ser ious 

(ppml 

1000 

625 

6.25 F 

(CEL: m1m1mary gland 
adenoma and sarooma)i 

(CEL:alveolarlbronchiolar 
adenoma. or carcinoma, 
ma 1gnant lym1phoma, 
hemang· osarcom-a, 
fores,tomaclh squamous 
cell papilloma or 
carcinoma, mammary 
gland carcinoma, ovarian 
g ranulosa cell tumor) 

(CEL: 
alveo arlbronchiolar 
adenomalcarcinoma), 

(0011unuedl 

Reference 

Chem rcall f orm 

Owen et al .. 19B7, Owen and 
Glaiste r 990 

NTP 1984 

NTP 1993 

Bd Wt = body weight; Cardio = cardiovascu'lar; CEL = cancer e,ffeot level; d = day(s); F = Fem:ale; Gaslm = gastrointes ·nal; Gd = gesl;;i ion.al day; Hemato = hematological; hr = 
hour(s); lmmunoll..ymphoret = immunological; LC50 = lethal concentration , 50% kiU; LOAEL = lowest-0bserved-adverne-effecl. level; M = male; m in = minute(s)i; Musc!sikel = 
musculoskele ; NOAEL = no-observed-adverse-effectlevel; Resp = respiratory; wk = week(s); y, = year{s) 

Comments 

~ 

I 

~ 
~ 
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m 
Tl 
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ERPG-1

ppm 

E+6, 

100CIOO 

0000 

000 

10CI 

c-Cat 
d-Dog 
r-Rat 
p-Pig 
q-Cow 

Figure 3-1 Levels of Signirficant Exposure to 1,3-Butad ier e - In alation 

I Acute 1::: · 4 days ! 

• 4r lls 

Cl4r 

~Humans 
k-Monk.ey 
m-Mouse 
h-Rabbit 
a-Sheep 

<J7m 0 9r 0 10r 

f-Ferret 
j-Pj_geon 
e-lierbil 
s-Hamsf.er 
i:i~Guinea Pig 

n-Mink 
o-Other 

♦ Cancer Effect !Level-Animals 
• LOAEL, Mom Serious-Animals 
CJ LOAEL, Less Serious-Animals 
0 NOAEIL - An imals 

't' Cancer Effect Level-Humans 
• t:OAEL. More Serious-Humans 
A. L:OAEL, Less Serious-Humans 
t:. INOAEL - Human.s 

■ LD50/L:C50 
: Minimal Risk Level 
: for effects 

.....;_, other than 
Cancer 

fd 



p;pm 

DODD 

11D00 

10D 

10 

c-Cat 
d-Dog 
r-Rat 
p-Pig 
Q--Gow 

Figure- 3- Leve-ls of Signir1fiicant Exposure to 1,3-Butadiene - II lhalati:on (Continued) 

I lntermed iJte ( 15--364 days)I 

Systemic 

0 m m 0 14r 0 16m 0 14r 0 16m 0 14r 0 16m 0 14r 0 16m 0 14r 0 16m 0 14r 0 16m 0 14r 0 14r 

()1am 0 1am 

~Humans 
k-Monkey 
m~Mouse 
h-Rabbit 
a-Sheep 

f--Ferret 
j..P_j_qeon 
e-Gerbil 
s--Hamster 
Q--Guinea PiQ 

()1am 

n-Mink 
O"Olher 

0 18m 0 18m 

0 18m 

•• Cancer Effect Level-Anima Is 
ILOAEIL, More Serious-Animals 

() ILOAEIL, Less Serious-Animals 
0 NOAEIL - An imals 

0 16m 

0 16m <l2om 

()17m 0 18m ()19m 

0 17m 

• Cancer Effect l evel-Humans 
A IL.:OAEl, More Se~ous~Humans 
A.. IL.:OAEl, Less Senous-Humans 

INOAEL - HumalliS 

022m 0 21r 

■IL05011!.:C50 
: Minimal Risk level 
: for effeots 

J,,, other than 
Cancer 

~ 

I 

~ 
~ I 
;I; 

lill 
"1]1 ,,, 
!ill 
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ppm 

10000 

1000 

100 

10 

()24m 0 2sm 

c-Cat 
d-Dog 
r-Rat 
p--Pig 
q-Cow 

~Humans 
k-Monkey 
m-M ouse 
h-Rabbit 
a-Sheep 

Figure 3- Levels of Sign·fiicant Exposure to 1,3-Butadiene - inhalation (Continued) 

ln termecliJte ( · 5-:364 davs1 I 

f-Ferr,et 
j-Pjgeon 
~G"erbil 
s-Hamster 
g-Gui nea Pig 

*Doses represent the lowest dose tested per stt.1dy that produced a tumorige n.i c 
response and do not imply the existence of a th reshold for the cancer endpoint. 

n-Mink 
o-Olher 

♦ Cancer Effect Level-Animals 
• LOAEL, More Serious-An.irnals 
ct LOAEL, Less Serious-Animals 
0 NOAEL - An imals 

T Cancer Effect Level-Humans 
.l L:OAEL, More Serious-Humans 
A. L:OAEL, Less Serious-Humans 

NOAEL - Humans 

■ LJD50JLC50 
: Minimal Risk Level 
: for effects 

.J.., other 1han 
Cancer 

~ 

I 
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~ 
:c 
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TCEQ Short 

Term AMCV = 

PEL = EU OEL

ppm 

1cmoo 

1i000 

mo 

10 

1 

Figure 3-1 Levels of Signifiicant Exposure to 1,3-Butad i:ene - II nhalati:on (Continued) 

I Ct1ronic \~35~, dJ~•s )I 

• 31m 
0 21r 0 30r 

O 30r O 30 r 03or 

Systemic 

0 31m 0 31m 
0 30r 

• 28m 0 31m cl31m cl32m cl31m 0 32m • 33m 03.2m Ch1m 

c-Cat 
d-Dog 
r-Rat 
p-Pig 
t1~Cow 

0 32m (132,m 

()32m 

~Humans 
k-Monkey 
m-Mouse 
h-Rabb·t 
a-Sheep 

f-Ferr,et 
j-Piqeon 
e-c.iernil 
s-Hamster 
ci-Gui n.ea Pici 

n-Mink 
o--Olher 

♦ Cancer Effect Level-Animals 
• LOAEL, More Serious-Animals 
() LOAEL, Less Serious-Animals 
0 NOAEIL - An imals 

O 34r O 36r 

O 35m 

O 32m O 33m 

'f Cancer Effect Level-Humans + LOAEL, More Serious-Humans 
a LOAEL. Less SerioUiS-Humans 

NOAEL - IHumans 

■ LD50/LC50 
: Minimal Risk Level 
: for effects 

,J., other than 
Cancer 
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